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Abstract
A demand-actuated supply within the agreed time has become more challenging due to the growing number of variations and the
associated increase of parts and suppliers. The logistical process of the material flow has become extremely difficult. The
consequences find themselves within an increasing complexity and diminished transparency of logistics systems in the product
supply. Nevertheless, logistics cache significant rationalization capabilities within or across companies.
For this purpose it is important to frame a methodology that enables a transparent, clear, holistic visualization and a reduction of
production supply to the essentials. For the visualization of the material flow from the supplier to the assembly location, a
logistical value stream map will be developed to illustrate the complexity of different material provision principles.
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1. Introduction
As a result of ongoing globalization and growing global 
competition, companies from industry nations are facing new
competitions. Characteristic internationalized markets are
facing increasing individualization of customer needs,
tightening of legal requirements and the high pressure of costs 
through global competition [1,2]. Companies are forced to
shorter innovation cycles in terms of complex products and 
production processes by increasing market saturation and 
intensification of competition on the market shown in Figure 1
[3].
The enlargement of the range of products on the market is 
combined with variety in the production and the associated 
number of parts and suppliers. The complexity and 
coordination of the production is rising consistently [4]. Due 
to the growing variety of parts and components, logistics 
systems struggle with declining transparency in the 
procurement of materials and material supply. A method for 
transparent and clear logistical handling of the material flow
and clear control mechanisms for the material flow [5] is 
required to face current manufacturing process problems in 
logistics.
Fig. 1. Trends and developments in a corporate setting
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For this purpose it's important to frame a methodology that 
enables a transparent, clear, holistic visualization of the 
productions supply. Holistic here means that the focus rests on 
all the material which is needed for the final product. As well
as their control system, their inventory locations and their 
physical logistics processes from the supplier to the final
assembly must be considered. 
2. Introduction of a material supply system
2.1. Challenges of a material supply system
Production supply and logistics have been dominated in 
recent years by several trends and influences. One of the main 
drivers in the logistic is globalization. The enterprise policies 
were systematically extended to a global market development, 
which at the same time led to an internationalization of the
logistics management. With a regional expansion of value 
creation on an international level, a variety of opportunities 
can be used. The benefits of global strategy for companies are
cost reduction, improved quality, enhanced customer 
preference and increase of competitive leverage [6].
Globalization, however, brings major competition and higher 
costs for coordination and transport. Manufacturing 
companies are focusing more on their core competencies, 
because the products are more complex and require more
specific knowledge. Manufacturers are forced to outsource 
parts of manufacturing and development services to suppliers. 
The material and information flow must be planned, 
controlled and monitored globally with all parties. The 
pressure to perform better than the other companies is rising 
because of the extremely fast development of the information 
technology. Especially through the internet, the market
position of the customers is strengthened [7,8].
2.2. Integration of the material supply in the operational 
logistics
The production supply ranges from the suppliers through 
the external logistics chain across the enterprise boundary to 
the final production stage of the company. The final 
production stage usually consists of the final assembly, which 
represents the consumer or customer. The production supply 
considers all supply channels of all parts and materials from 
the supplier to the final assembly.
3. Methods of representation and evaluation of logistic 
processes
There are various methods of recording and representation
of logistical processes.
The chronological sequence and logical connection 
between two objects can be described with a flow chart [9].
Complex processes can be visualized and it delivers a 
representable image of the observed process. A consideration 
of the whole process with all of its single operations is 
difficult. A reasonable definition and a specific degree of 
detail of the field of observation is necessary [10,11].
The Sankey diagram represents flow quantities or transport 
routes between stations. This diagram is mainly used in the 
examination of material flows [12].
The event-driven process chain (EPC) is a modeling 
language for the representation of business processes and is 
based on the flow chart. EPC is clearly superior in validity 
and accuracy; however its application is difficult. If 
organization units and information carriers are used in the 
process, the method is called advanced event-driven process 
chain (aEPC) [13,14]. The Business Process Modeling 
Notation (BPMN) aims to produce Business Process models 
in a business-oriented detail level and is based on the EPC. It 
is also based on the flow chart and used to represent business 
processes. The difference in those two methods is the smaller 
variety of symbols and the stricter syntax of the EPC to 
BPMN [15,16]. A spaghetti diagram helps highlight the 
movement of an object and makes waste of motion and 
transportation obvious. It also allows the viewer to observe 
where the operator moves and why. Based on the distances 
traveled by patients, staff, or products, this tool helps establish 
the optimum layout for a department or unit [17].
For the implementation of the supply chain management
thought, the supply-chain operations reference model (SCOR) 
is used. This business process reference model considers the 
entire value chain and serves the description, the evaluation 
and the performance of the supply chain [18,19].
The value stream mapping method is used for the graphical 
analysis, the evaluation of the production flow and their 
logical alliance. It covers the flows of material and 
information [20]. The field of observation starts with one 
product group, from the customer to the suppliers, the internal 
operations until the delivery at the final assembly.
The evaluation is carried out by the calculation of the total 
cycle time or the comparison of cycle time and processing 
time [21].
The process method of GÜNTHER is a multistage process 
capture and process representation method of internal logistics 
processes with simultaneous consideration of the material and 
information flows and their attached resources [22].
4. Purpose and goal of a logistical value stream
The above mentioned methods were evaluated on the basis 
of four criteria: completeness, process understanding, process 
recording behavior and process performance. The most 
important and double weighted criterion is the completeness 
of the process model which none of the mentioned methods 
fully fulfills. The spaghetti diagram, Sankey diagram and the 
SCOR model can only partially meet the requirements of 
completeness and are thus not suitable for the production 
supply process representation. The same applies to the 
flowchart. Essentially, just the BPMN and the value stream 
method partly fulfil the criterion of completeness. The value 
stream mapping methods meets most of the criteria (Table 1)
but does not have the ability to represent the complete process 
of the production supply with all its necessary details.
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Table 1. Evaluation and comparison of results.
Criterion
Method
Completeness
[x2]
Process 
understanding
Process 
recording
Process 
performance
ě
Flow Chart 4 2 2 2 10
EPK / aEPK 4 2 2 - 8
BPMN 6 3 2 2 13
Spaghetti-
Diagram
2 3 3 1 9
Sankey-
Diagram
2 2 2 1 7
SCOR 2 2 1 4 9
Value 
Stream Map
6 4 4 3 17
Method of 
Günther
6 3 3 3 15
(4) fulfilled; (3) essentially fulfilled; (2) partly fulfilled; (1) marginal fulfilled; (-) not 
fulfilled
For the complete and transparent process evaluation a new 
logistics value stream method is necessary. It should fulfill the 
aspect of completeness and be, at the same time, simple, 
intuitive, easy to use and limited in its complexity. The 
method covers all necessary logistical activities and shows the
transparent flow of the materials and information. The focus 
of this method is the transparent provision of materials from 
the suppliers to the final assembly.
5. Field of observation
To represent the entire production supply process, a
concise collection of defined process modules is essential. In 
a modular system all process modules are defined. Each 
module is graphically represented as a symbol. The simplicity 
of symbols allows a fast local analysis. The explanation of 
each module is not part of this paper.
A production supply system contains persons, objects, 
systems and processes which are necessary for the direct 
supply of manufacturing and assembly lines. It includes all 
internal and external manufacturer relationships, which are 
necessary for the production of the product. Figure 2 shows 
the construction of a production supply system.
Fig. 2. Production supply system
A production supply system is composed of five base 
components and it is the field of observation in this paper:
x external transport logistics
x internal transport logistics
x goods issue of the supplier
x goods receipt of the manufacturer
x goods receipt workplaces assembly and manufacturing
6. Approach logistic value stream
6.1. Selection of the area of study
For the recording of a production supply system it is 
important to select a final assembly system. An analysis of 
multiple assembly systems is characterized by intransparency
and high complexity. If a product group consists only of a few 
product variants, it is to decide whether the entire product 
group or only a single product variant in another assembly 
system is monitored. The final-assembly system is the last 
production process identified and selected. All parts of the 
assembly system converge and are united in the final product.
All parts, no matter whether individual parts or entire 
components, will be documented.
6.2. Recording of the current state
The status quo will be recorded on the shop floor. The 
recording is upstream, against the direction of the material 
flow. The last production step, represented by the assembly, is 
the starting point of the analysis. All material flows will be 
tracked until the suppliers of the material group. In the first 
round, the operator makes himself a rough overview of the 
different material flows. The actual process recording is 
recorded in the second round. The operator outlines the 
individual process steps of the production supply while he 
follows the material flow upstream. It is necessary to talk to 
the workers and foremen on the shop floor to understand the 
flow of materials, the control and organization. The logistical
value stream is recorded in the following steps.
1. Selection of assembly (last production step)
2. Recording of provided materials including carriers
3. Recording of the physical transportation to the 
assembly
4. Identification of intermediate storage
5. Definition of supplier groups
6. Identification of material flows through the factory
7. Set time blocks of all activities along the material 
flow stream
8. Supplementary information flow
The recording in the field allows only a sketch-like 
representation. These must be revised again after the 
recording with the people responsible on the shop floor. Also, 
there is the possibility to transfer the sketch into an exact 
representation and emerging issues concerning the material 
flow and control can directly be discussed.
6.3. Development of the target state
After the recording of the current state, the logistics value 
stream with regard to material supply, control principles and 
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the logistical activities will be analyzed. The goal is to 
simplify the processes and procedures in the production 
supply. Potentials for the improvement of the processes will 
be exposed and their causes will be identified.
The focus is on the logistical functions of the production 
supply, which include transport, storage, picking, 
transshipment, handling, clubs and stay.
These logistical activities do not increase the value of the 
material flow objects and are technically regarded as waste or 
cost-enhancing activities. However, they serve the 
appreciation value. All the needed material has to be delivered 
to the assembly, to finally generate value enhancement. Due 
to this reason, all logistical activities and their sequences need 
to be reduced, optimized and, if possible, eliminated. 
However, the supply of value-added processes must be given 
at any time. The Following basic modules offer optimization 
potential:
1. Small containers provide lower ranges in the 
assembly line and reduce stocks in the production
2. Flow racks join the material provision with the 
production
3. Tugger train concepts reduce transport costs 
compared with forklifts
4. Pull and JIT control reduce stocks in the factory 
5. The optimization of the main material flow reduces 
more waste than others
If the potentials are identified, alternative concepts can be 
illustrated.
6.4. Evaluation of implemented changes
To make a statement about the benefits of the optimized 
target state, an evaluation for multiple handling is generated. 
All multiple handling steps such as transport, storage, 
transshipment, picking, and engross are defined as logistical 
activities. A decrease of handling operations means at the 
same time a decrease of logistical effort.  At the same time, 
the same result with less effort means greater efficiency. For 
this reason, the production supply with a decrease of handling 
operations is the better alternative. In addition, inventory 
reductions are also an effect of this method. Process 
recordings of different assembly systems are not comparable.
7. Case Study
An innovative bathroom and sanitation specialist
manufacturer in the south of Germany had the assignment to 
optimize the material provision process starting with the 
suppliers until the final assembly. For this reason the current 
state of the material provision needed to be checked.
The objectives were to reduce the logistic areas specifically
to ensure stable and sustainable logistics processes, and to 
reduce inventory.
With the help of the logistic value stream method, the 
current state of the production supply could be visualized
clearly.
The assignment was to check the material provision for two 
assembly systems. Both systems combined had more than 70 
different products.
7.1. Current state and problem analysis.
Based on this transparent process representation it was 
possible to develop a detailed problem analysis of the current 
state. Figure 3 shows the current state of the logistic value 
stream of the two assembly systems.
Fig. 3. Current State
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Starting with the suppliers, the goods receipt, the handling, 
the storage, the booking, the picking, the disposition and the 
material demand were considered as well. At the same time, 
the removal of the finished goods and the factory layout were 
discussed.
Finally, it was recognized that the process had multiple 
storage operations described in Figure 3 as the triangles and 
the kanban circles at the right of the current state. Most of the 
order in the production was made by the push principle. One
result of this method was that most of the ordered parts did 
not come at the right time. Only half of the volumes of the 
physical transported parts were delivered on palettes which 
occupied a lot of space at the final assembly. After the 
discussion with the workers and foremen, each operation,
from the goods receipt to the assembly line, were joined with 
time modules. The result was a representative picture of the 
current state in time modules for each operation.
7.2. Development of the target state
After a further view on the value stream with the workers 
and foreman, many improvements were detected.
To minimize the waste in the current state, the 
improvement started by handing over the booking process to 
the suppliers. The second idea was to generate a JIT process 
for all the parts which were classified with an A after a ABC 
analysis, but only for the supplier group 1. 50 percent of the 
volume of the material came from supplier group 1.  To 
reduce the physical transport from the goods receipt and the 
assembly, a tugger train concept was suggested. Together 
with these improvements two alternative concepts were 
suggested (Figure 4):
x Direct provisioning of the material inside the assembly and
the elimination of stock in front of the assembly line
x The rolling stock: All kinds of loading equipment are on 
rolls. Elimination of lifting and disparage operations along 
the value stream
Fig. 4. Target state of the case
7.3. Evaluation and comparison of the logistical value stream
The evaluation and comparison are based on different 
characteristics (Table 1)
x Transport outlay (how much time is spent for the 
material handling operations from the goods receipt 
to the assembly)
x Man-days (cost rate per man day in the logistical 
process)
x Warehouse space (unit: space for one pallet in the 
high rack storage)
x Logistic space pallet storage (reserved space for the 
parked pallets along the logistical value stream)
x Investment trugger train and IT
The various advantages and disadvantages of the 
alternatives have been pointed out on a quality basis with the 
workers and foremen.
A direct comparison of the different scenarios was possible 
with the help of the parameters determined in Table 2. The 
concept of the trugger train with the loading equipment on 
rolls turned out to be the better solution. This scenario was 
finally implemented in the company.
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Table 2. Evaluation and comparison of results.
Objectives Actual 
Situation
Direct 
Filling
Rolling 
Stock
Transport outlay 235 md 380 md
+64%
208 md
-10 %
Costs man-days 64,155 € +39,585 € -7,371 €
Warehouse space 289
Pallet space
182
-37 %
182
-37 %
Logistic space pallet storage 316 m² 204 m²
-35 %
224 m²
-29 %
Investment trugger train + IT --- +56,000 € +36,000 €
              md: man-day
7.4. Benefits of the developed method
It has been shown that the logistical value stream is an
appropriate method, in terms of complex manufacturing 
processes, for the recording of the material supply on the shop 
floor. Issues and opportunities for improvement could easily 
be identified by the visualization. This is the foundation for 
the target state. The comparison of the handling operations is 
the most important factor between the current and the target 
state. The operations can be identified in the process and 
completed with the time component. By the reduction of the 
handling operations, the manufacturing supply processes 
become slimmer and faster. Through the reduction of the 
transport operations identified by this method, transport 
resources like transport equipment and man-days could be 
saved. With the identification of the main material flow with 
its storage operations, the method provides a unique 
opportunity to build slim supply channels through the factory 
with less handling operations and even shorter storage times. 
The last benefit of this method is the format for the customer. 
From the analysis to the target state, the customer is always 
integrated in the case development, because of the simple 
understanding of the value stream method.
8. Conclusion and Outlook
Today, manufacturing companies face immense 
challenges. Globalized markets, intensified competition and 
increasing customer requirements are only a few buzzwords 
that describe the turbulent business environment. In order to 
operate competitively in this environment, enterprises are 
using strategies of consistent customer and market orientation. 
This is achieved by the expansion of the product portfolio. 
However, an increasing diversity of the product portfolio also 
increases the diversity of the material in the factory. This
leads to increasing complexity in the production logistics and
in the supply chain. This problem is amplified by the fact that 
companies with a variant-rich production - typically 
represented by SMEs – have a lack of logistical organization 
in the production process.
Therefore, a method is necessary that supports the 
production supply in times of diversity in the product 
portfolio, which make the complex logistical processes from 
the suppliers to the final assembly more transparent. At the 
same time, existing problems and optimization potentials 
must be apparent in an early stage of the analysis.
In a practical application, it was shown that the developed 
logistical value stream is convenient for a fast and simple 
visualization of the production supply. Through the intuitive 
and transparent representation of the problems along the 
process, it is possible to generate alternative processes.
With the logistic value stream it is feasible to dominate the 
complexity of logistical systems in a versatile production. It 
provides manufacturing companies support with the issues in 
logistical systems.
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